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The aim of this study was to determine whether an integrator of neural activity influences the
amount of myopia and axial elongation resulting from deprivation of form vision. The effects on
ocular parameters of a continuous period of 30 min per day of normal vision was compared to two
exposures of 15 min duration each, or three exposures of 10 min each. For the remaining time,
chicks had monocular translucent occlusion in a 12 hr light/12 hr dark diurnal cycle, for either 2 or
3 weeks. Fellow eyes and the eyes of bilaterally unoccluded chicks were used as controls. We found
that several short periods of normal visual stimulation per day were more effective in preventing
the development of form deprivation myopia and axial elongation than was one single period of the
same total duration, after both 2 and 3 weeks of treatment. This study suggests that the level of
neural activity in the retina may have a cumulative effect in influencing ocular growth. 0 1997
Elsevier Science Ltd.
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INTRODUCTION
Previouswork from this laboratory (Napper et al., 1995)
has demonstrated that 2 hr of unoccludedvision per day
is able to prevent the developmentof the high degree of
myopia and axial elongation,which has been reported in
chicks following deprivation of form vision induced by
the application of an occluder to one eye (Hodos and
Kuenzel, 1984; Hayes et al., 1986; Seltner and Sivak,
1988; Wallman et al., 1978; Gottlieb et al., 1987;
Barrington, 1990). This finding confirms the result of
Nickla et al. (1989) and is consistentwith the theory of
Wallman (1990) that a certain amount of gross neural
activity is required to allow normal ocular development.
The observation that stroboscopicilluminationresults in
a significant reduction in occlusion-induced myopia
(Gottlieb and Wallman, 1987; Wallman, 1990; T%agrys
et al., 1991) also supports”Wallman’s gro& n~ural
activity hypothesis.
The transient characteristics of avian retinal neurons
(Wallman, 1990; Golcich, 1988) imply that when an
occluder is removed from a chick eye following a period
of deprivation,the visual detailwill producea large burst
of retinal activity. This activity could be expected to
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remain elevated for some time and then subside due to
adaptational processes. If gross neural activity is
important for normal ocular development, and if this
effect is cumulative due to the involvement of a neural
integrator, then partitioning of the daily period of
unoccluded vision into several shorter periods should
result in a greater total neuralactivity than that associated
with one continuous period of the same total duration.
This would arise from the cumulative effect of multiple
burstsof neural activitythat are associatedwith the initial
exposure to clear vision. Therefore, we hypothesize that
the degree of myopia and eye enlargementresulting from
constant translucent occlusion should be reduced to a
greater degree by multiple exposures to normal visual
detail compared with one continuousexposure.
~ The aim of the experiments described here was to
determine whether the amount of myopia and axial
elongation present following monocular translucent
occlusion with one continuousperiod of 30 min per day
of normal visual exposure could be reduced by dividing
the 30 min into two exposuresof 15 min durationeach, or
three exposuresof 10 min each. A preliminary report of
some of the resultshas been publishedelsewhere(Napper
et al., 1992).
MATERIALSAND METHODS
Forty-three white leghornxblack australorp cockerels
(Gallus domestics) were obtained on the day after
hatching from a local hatchery (Research Poultry Farm
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TABLE 1. The treatment groups and the number of chicks per group
used in this experiment
Treatment group
Daily period of normal
visual exposure Treated Fellow
composition Total No. of chicks Eye Eye
Ohr Constant OCC1 7 T F,
1x 30 min 30 min 10 T F,
2 x 15min 30 min 11 T F,
3 x 10min 30 min 10 T F,
12hr No occlusion 5 c FC
T, treated eye (occluded);F,, fellow eye of treated eye; C, control eye
(randomlyassignedright or left); F., fellow eye of control eye. F,,
C and FCwere unoccluded.
and Hatchery, Research, Victoria, Australia). Retino-
scopy was performed on all chicks 2 days after hatching
to establish baseline refractive status. On the following
day, 38 chickswere occluded in one eye (left or right eye
randomly selected for occlusion).Occludersconsistedof
a double layer of translucent adhesive film. The
transmittance of the occluders at the plane of the pupil
was measured as 7570using a Spectra Pritchard 1980B
spectrophotometer,and minimal spatialdetailwas visible
through the occluders (for detailed description see
Napper et al., 1995). It was essential for this experiment
that the occluderswere removable,so they were attached
to a ring of velcro which couldbe appliedto a velcro base
glued to the down surroundingthe chick’seye with a non-
toxic handcraft glue. The chicks were housed in
fluorescentlighting (80-160 IUXat the plane of the eye)
in a 12 hr light/12hr dark diurnal cycle with food and
water provided ad libitum.The animalswere maintained
in an air-conditionedenvironmentof approximately22°C
with non-light-emittingheat lamps providing additional
heating for the first few days. Care and use of the animals
adhered to the ARVO Statement for the Use of Animals
in Ophthalmicand Vision Research and the experimental
protocols were approved by our institutional Animal
Ethics Committee.
Seven of the occluded chicks remained constantly
occluded (Oreins off), ten had their occluders removed
for one continuousperiod of 30 min each day (1 x 30 min
of~, 11 had their occluders removed for 15 min in the
morning and 15 min in the afternoon(2 x 15 min off) and
a fourth group often chicks had their occludersremoved
for three separate 10 min periods spread evenly over the
day (3x 10 min off). Within each group the occluders
were removed at the same time each day. In all of these
treatment groups, chicks were exposed to a total of
30 min per day of normalvisual stimulationcomposedof
one single period of exposureor several shorter periods.
The remaining five chicks were unoccluded and these
chicks had one eye randomly selected as the treatment
eye (C). The untreatedfellow eyesof occludedchicks(Ft)
and eyes of bilaterally unoccluded chicks (C and F.)
served as controls (see Table 1). If the occluders fell off
during the experiment, the data from that chick were
discarded. The fellow eyes were a control for any
interocular effects of occlusion. The control eyes (C)
acted as a control for the effects of treatment.
The total period of 30 min of unoccluded vision per
day was chosen for two reasons. Firstly, previous
experiments (Napper et al., 1995) showed that a signi-
ficantamount of myopia (50% of that found for constant
occlusion) is produced when chicks are exposed to
30 min of normalvisioneach day, therefore the effects of
multiple exposures can then be compared to the single
exposure condition. In contrast, a single 120-130 min
period of unoccluded vision each day produces a near
normal refractive state, making any additionaleffects of
multiple exposures impossible to evaluate. Secondly,
30 min is long enough to divide into several shorter
periods that can reasonablybe achieved in practice.
Chicks were reared under these conditions for 19
consecutive days. Retinoscopy, keratometry and ultra-
sonography were performed after thirteen days of
treatment (2 weeks) and after 19 days of treatment (3
weeks). Following the second set of measurements,
chicks were sacrificed with an overdose of Nembutal.
Eyeballs were removed and cleared of extraocular
material. Eye weight was determined and axial and
equatorial lengthswere measured using vernier calipers.
For all measurements of ocular parameters, the
experimenter was unaware of the treatment group to
which the chick being measured belonged. Hence,
experimenter bias was minimized by adopting a blind
experimentalprotocol.
Anaiysis
For the following results, “Eye” or “E” refers to
whether an eye was the treated (T and C from Table 1) or
untreated fellow eye (Ft and FC)of a particular chick. In
the case of control chicks (no occlusiongroup), one eye
was randomly assigned the “control” eye (C) and no
treatment was performed on this eye. “Group” or “G”
refers to the treatment groups: constant occlusion, one
x 30 rein, two x 15 rein, three x 10 min or no occlusion.
A one within, one between ANOVA was applied to the
data.
RESULTS
Refractive error
Figure 1 shows the relationship between refractive
error and time of normal visual exposure (unoccluded)
per day following 2 weeks of treatment. Untreated eyes
(F, and FC)showed a small amount of hypermetropia
having a mean ( ~ SEM) refractive error of +1.9 ( ~ 0.1)
D (the dashed line in Fig. 1). Constantly occluded eyes
were highly myopic, having a mean refractive error of
–24.0 (*3.3) D. The treated eyes of occluded chicks
allowed one continuous period of 30 min of normal
visual stimulation per day had a mean (t SEM)
refractive error of –8.3 ( ~ 0.8) D. Two 15 min periods
and three 10 min periods of unoccluded vision per day
resulted in eyes with mean ( ~ SEM) refractive errors of
–4.2 (+0.8) D and –3.8 (+0.7) D, respectively. The
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FIGURE 1. The effect of single and multiple exposures to normal visual stimulation per day on the mean refractive error
(~ SEM)for treated eyes (open symbols)and controleyes (C) (solid symbols)following2 weeks of treatment.The dashedline
represents the mean refractive error of the untreated eyes (Ft and F.).
refractive errors of fellow eyes (Ft)were not significantly
differentfrom the controls(C) and fellowto controls(Fe),
therefore it can be concluded that no significant inter-
ocular effects of occlusionwere obtained in this sample.
The interactionE*G was highly statisticallysignificant
for refractive error after 2 weeks of treatment (ANOVA
F4,36= 35.690, P < 0.0001). Means comparison con-
trasts revealed that the effect of one continousperiod of
30 min of normal visual stimulation per day was signi-
ficantly different from the effects of 2 x 15 min and
3 x 10 min of unoccluded vision (Fl,lg = 5.666, P <
0.05, F1,17= 7.196, P <0.05, respectively). There was
no significantdifference,however,between the effects of
2 x 15 min and 3 x 10 min periods of normal vision per
day.
Table 2 shows the benefits of multiple exposures to
normal visual stimulationfor refractive error following2
weeks of treatment. In Table 2, relative refractive error
was calculated using the following formula:
RE (no occlusion) x loo
relative refractive error (%) = Total RE
where RE denotes refractive error, and Total RE is the
total refractive error inducedby constantocclusion= IRE
TABLE 2. The benefits of multiple exposures to normal visual
stimulation for refractive error following2 weeks of treatment
Benefit of
Refractive error Relative multiple
Treatment group (D) (2 weeks) refractive error exposures
Constant occlusion –24.0 100% NA
1x 30 min –8.3 39% NA
2 x 15min –4.2 23% 1.26X
3 x 10min –3.8 22% 1.29 X
No occlusion +1.8 o% NA
(constantocclusion)l+ RE (no occlusion)=[-24.01+ 1.8
= 25.8 D.
The benefit of multiple exposureswas determined by
calculatingthe magnitudeof refractiveerror preventedby
exposure to 1x 30 min of normal visual stimulationper
day using the formula:
refractive error prevented = Total RE-{[RE(l x 30 min)l
by 1 x 30 min +RE (no occlusion)}
= 25.8–{1–8.31+1.8}
= 25.8–10.1 = 15.7 D
The ratio of the refractive error prevented by
2 x 15 min and 3 x 10 min to the refractive error pre-
vented by 1x 30 min was then determined and is shown
in Table 2.
Two 15 min exposuresto normalvisual stimulationper
day were 1.26x more effective than one single 30 min
exposure in preventing the development of myopia.
However, three 10 min exposures per day to normal
visual stimulationdid not produce a larger improvement
in the amount of myopia prevented compared with the 2
exposure condition.
The results for refractive error following 3 weeks of
treatment followedthe same pattern as those for 2 weeks
(Table 3), except the effectswere of greater magnitude.It
is importantto note that the total number of exposuresto
normal visual stimulation for the 2 x 15 min per day
group at 3 weeks is the same as the 3 x 10 min per day
group at 2 weeks (total number of exposures to normal
visual stimulation= 42). Table 3 showsthat the refractive
errors for these two groups (–3.4 i 0.6 D and
–3.8 f 0.7 D, respectively) are almost identical. This
finding lends strong support to the theory that a neural
integrator is acting. The results following 2 weeks of
treatment are shown in the figures as more data were “
available at this time point. The interaction E*G was
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TABLE 3. The effect of single and multiple periods of unoccludedvision per day for the ocular parameters measured
Parameter (~SEM) Week Constantocclusion 1x 30 min off 2 x 15min off 3 x 10 min off Unoccluded(F,)
Refractive error (D) 2 –24.0 ~ 3.3* –8.3 + 0.8# –4.2 ~ 0.87 –3.8 i 0.7~
3 –24.6 ? 2.1* –8.2 + 1.9#
+1.8 t 0.3
–3.4 t 0.67 –2.6 & 0.6~
Corneal radius (mm) 2 3.20 + 0.04
+2.1 f 0.2
3.24 t 0.04 3.30 i 0.03 3.29 ~ 0.04 3.20 + 0.02
3 3.35 + 0.06 3.50 f 0.04 3.42 t 0.05 3.48 ~ 0.05
Ant Ch depth (mm)
3.42 ~ 0.04
2 1.59 + 0.04 1.55 f 0.04 1.50 * 0.07 1.53 * 0.04 1.46 ~ 0.05
3 1.71 i 0.10 1.77 t 0.81 1.67 i 0.09 1.68 + 0.08 1.50 f 0.06
Lens thickness (mm) 2 2.55 + 0.06 2.47 ? 0.04 2.47 ~ 0.07 2.54 ~ 0.03 2.50 + 0.08
3 2.73 ~ 0.04 2.58 t 0.07 2.58 + 0.05 2.61 + 0.06 2.53 & 0.02
Vit Ch depth (mm) 2 6.34 t 0.07” 5.59 t 0.08# 5.45 t 0.077 5.37 i o.05’t 5.17 * 0.04
3 6.71 + O.1O* 5.87 t 0.15t 5.80 + 0.12T 5.64 + O.10t
Axial length (mm)
5.19 + 0.08
2 10.51 * 0.12” 9.64 I 0.09# 9.52 t O.llt 9.47 t o.05t 9.06 t 0.04
3 11.19 * 0.17” 10.22 f o.14t 10.08 t 0.14t 9.91 f o.09’t 9.19 f 0.13
Eye weight (mm) 2
3 1.12 + 0.04” 0.97 + o.04t 0.95 * o.03’l 0.90 i o.03t 0.82 t 0.01
Axial length (cal) (mm) 2
3 11.7 i 0.3” 11.0 i o.2’t 11.5 f o.5t 10.4 * o.3t 10.7 + 0.7
Equatorial length (cal) (mm) 2
3 14.33 ~ 0.16 14.02 f 0.14 13.11 f 0.55 13.71 ~ 0.08 12.38 & 0.75
*, interaction E*G significant.
t, no significantdifference between the effects of 2 x 15min and 3 x 10min.
#, means comparisoncontrast reveals effect of one continuousperiodof 30 minof normalvisual stimulationper day is significantlydifferent from
the effects of 2 x 15 min and 3 x 10 min.
highly statistically significant for refractive error after
three weeks of treatment (ANOVA FA,34= 53.855,
P < 0.0001). Means comparison contrasts revealed that
the effect of one continuousperiod of 30 min of normal
visual stimulation per day was significantly different
from the effects of 2 x 15 min and 3 x 10 min
(F,,,, = 9.596, P <0.005, F,,,, = 11.272, P <0.005,
respectively).Again, there was no significantdifference
between the effects of 2 x 15 min and 3 x 10 min periods
of normal vision per day.
6.5
6.0
5.5
Vitreouschamber depth and axial length
The resultsfor vitreouschamberdepth and axial length
showed a similarpattern as for refractive error (Table 3).
The results following2 weeks of treatment for these two
parameters are illustrated in Fig. 2 and 3. For vitreous
chamber depth, the interaction E*G was highly statisti-
cally significant following both 2 weeks (ANOVA
FA,B4= 47.543, P< 0.0001) and 3 weeks (ANOVA
F4,28= 19.568, P < 0.0001) of treatment. This interac-
tion was also statistically significant for axial length
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FIGURE 2. The effect of single and multiple exposures to normal visual stimulation per day on the mean vitreous chamber
depth (+ SEM) for treated eyes (open symbols) and control eyes (C) (solid symbols) following 2 weeks of treatment. The
dashed line represents the mean vitreous chamber depth of the untreated eyes (F, and FC).
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FIGURE3. The effect of single and multipleexposuresto normalvisual stimulationper day on the mean axial length( t SEM)
for treated eyes (opensymbols)and controleyes (C) (solidsymbols)following2 weeks of treatment.The dashedline represents
the mean axial length of the untreated eyes (F, and FC).
following 2 (ANOVA F4,34= 33.846,P < 0.0001) and 3
(ANOVA F4,28= 19.112, P < 0.0001) weeks of treat-
ment. Following 2 weeks of treatment for both para-
meters, means comparison contrasts revealed that the
effect of one continuous period of 30 min of normal
visual stimulation per day was significantly different
from the effects of 2 x 15 min and 3 x 10 min. There was
no significant difference between the effects of
2 x 15 min and 3 x 10 min periods of unoccluded vision
per day after 2 weeks of treatment.
After 3 weeks of treatment, the interaction E*G was
again highly statisticallysignificantfor vitreous chamber
depth and axial length measured with ultrasonography
(Table 3). However, means comparison contrasts failed
to reveal a significantdifference between the effects of
1x 30 rein, 2 x 15 min and 3 x 10 min periods of normal
vision per day.
Corneal radius of curvature
There were no significanteffects of either treatmentor
group on corneal radius of curvature after both 2 and 3
weeks of treatment. The results are shown in Table 3.
Anterior chamber depth
The interactionE*G was not statisticallysignificantfor
anterior chamber depth measured with ultrasonography
after both 2 and 3 weeks of treatment.However, whether
an eye was treated or not (i.e., treated eyesvs felloweyes)
produced a significant effect after both 2 (ANOVA
F1,34= 4.845, P < 0.05) and 3 weeks (ANOVA
F1,28= 8.924, P < 0.01) of treatment. Treat,edeyes had
a consistentlygreater mean anterior chamber depth than
did fellow eyes. Means comparisoncontrastsrevealed no
difference between the effects of 1x 30 min unoccluded
vision per day, 2 x 15 min or 3 x 10 min periods of
normal visual stimulation per day after both 2 and 3
weeks of treatment.
Lens thickness
There were no significanteffects on lens thickness for
any of the treatment groups after 2 weeks of treatment.
Following3 weeks of treatment, “eye” (treated vs fellow
eyes) had a significanteffect. Treated eyes had a greater
mean lens thickness than did fellow eyes.
Eye weight
The relationship between eye weight and time
unoccludedper day after 3 weeks of treatment is shown
in Fig. 4. The interaction E*G was highly statistically
significant for eye weight after 3 weeks of treatment
(ANOVA F4,,4= 22.603, P < 0.0001). Means compar-
isoncontrasts revealed no significantdifferencebetween
the effects of 1x 30 rein, 2 x 15 min and 3 x 10 min of
unoccludedvision per day.
Axial length (calipers)
The relationship between axial length measured with
calipers and time unoccludedper day following 3 weeks
of treatment is shown in Fig. 5. The interactionE*G was
statistically significantfor axial length (calipers) after 3
weeks of treatment (F1,Z1= 3.967, P < 0.05). Means
comparison contrasts revealed no significant difference
between the effects of 1x 30 rein, 2 x 15 min and
3 x 10 min periods of unoccluded vision per day on the
axial length measurements made with calipers after 3
weeks of treatment.
Equatorial length (calipers)
The interactionE*G was not significantfor equatorial
length measured with calipers following 3 weeks of
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FIGURE4. The effect of single and multiple exposuresto normalvisual stimulationper day on the mean eye weight (+ SEM)
for treated eyes (opensymbols)and controleyes (C) (solidsymbols)following3 weeksof treatment.The dashedline represents
the mean eye weight of the untreated eyes (Ft and FC).
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FIGURE5. The effect of single and multipleexposuresto normalvisual stimulationper day on the mean axial lengthmeasured
with calipers ( + SEM)for treated eyes (opensymbols)andcontroleyes (C) (solidsymbols)following3 weeks of treatment.The
dashed line represents the mean axial length (cal) of the untreated eyes (F, and FC).
treatment. However, treated eyes had a greater mean
equatorial length than fellow eyes (Table 3).
DISCUSSION
Several short periods of normal visual stimulationper
day were more effective in preventing the development
of form deprivationmyopiathan was one singleperiod of
the same total duration, after both 2 and 3 weeks of
treatment.It is interestingto note that the data supportthe
possibility of a neural integrator since the same total
number of exposures(3 x 10 min per day at 2 weeks and
.—.
2 x 15 min per day at 3 weeks) produce similar levels of
refractive error. Vitreous chamber depth and axial length
(measured with ultrasonography)following 2 weeks of
treatmentwere also smaller in the groupsallowed several
short periods of unoccluded vision per day, than in the
group allowed only one period of unoccluded vision of
the same totalduration.There was a significantdifference
between the 1 x 30 min group and both the 2 x 15 min
and the 3 x 10 min groups,however the latter two groups
were not significantly different for any of the ocular
parameters measured.
An interrupteddaily period of normal visual exposure
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did not have a significantlydifferent effect on vitreous
chamber depth, axial length (measured with both
ultrasonography and calipers) and eye weight than did
one continuous daily period following 3 weeks of
treatment. The results for equatorial length showed that
there was a consistentdifferencebetween the treated and
fellow eyes for all treatment groups except the “no
occlusion group”, where treated and fellow eyes had the
same equatorial length. The various treatments appeared
to have different effects on the axial and equatorial
dimensions of the eye, which is consistent with earlier
proposals of separate regulation of the growth of these
two regions (Hodos and Kuenzel, 1984; Hayes et al.,
1986;Stoneet al., 1990;Gottliebet al., 1987;Wallmanet
al., 1987; Barrington, 1990; Napper et al., 1995). The
results also suggest that treatment in one eye affects the
equatorial length of the fellow eye, which may occur via
a systemic mechanism possibly influenced by accom-
modation.
The various treatment conditions had no effect on
corneal radius of curvature as measured by keratometry
following both 2 and 3 weeks of treatment. This lack of
effect may have arisen due to the very small central
portion of the cornea (1.5 mm) that is measured by
keratometry. The anterior chamber depth changes were
the same following 2 and 3 weeks of treatment.Anterior
chamber depth was greater in all occluded eyes than in
unoccluded eyes. The duration and continuity of
exposure to normal visual stimulation did not have a
significanteffect on anterior chamber depth. This study
confirms that the anterior segment effects followed a
different pattern to those of the posterior segment, as
reported previously (Napper et al., 1995). It further
supports the possibility of separate regulatory mechan-
isms for anterior and posterior segment growth that has
been proposed by others (Gottlieb et al., 1987;Wallman
and Adams, 1987;Wildsoetand Pettigrew, 1988;Pickett-
Seltner et al., 1988;Barrington, 1990).Anterior segment
growth appears to be independentof the amount of gross
neural activity in the retinal neurons and hence is less
affected by form deprivation.
The treatment conditions had no consistent effects on
lens thickness. There is no obvious explanation for the
finding of a greater lens thickness in the treated eyes of
both the “constantly occluded” and the “no occlusion”
groupsfollowing3 weeks of treatment,particularlywhen
this occurred in the absence of a difference between the
treated and fellow eyes of the other treatment groups.
Since this effect was evident in control (no occlusion)
chicks, it appears to be due to factors other than
occlusion. It is thought that alteration of the visual
environment after birth has little effect on lens develop-
ment (Hodos and Kuenzel, 1984; Noller, 1984; Pickett-
Seltner et al., 1987; Wallman and Adams, 1987;
Schaeffel and Howland, 1988). The lack of significant
effects of treatmenton lens thicknessfound in the present
study supports this contention.
Refractiveerror is representativeof the coordinationof
all the refractive componentsof the eye. The results for
refractive error from this experiment suggest that multi-
ple daily periods of normal visual exposure are more
effective in preventingocclusion-inducedmyopia than is
one single exposure of the same total duration. This
finding is consistent with the hypothesis that a certain
amountof gross neural activity in the retinal neurons (or
in a specificsubpopulationof cells) is needed for normal
refractive development (Wallman, 1990; Napper et al.,
1995).
The response characteristics of avian retinal neurons
are largely transient in nature (Wallman, 1990; Golcich,
1988)which results in a large burst of retinal activity in
response to a change in the visual environment. Trans-
lucent occlusion prevents form vision causing a severe
reduction in the transient retinal activity normally
associated with continuous saccadic eye movements. It
is, therefore, likely that during occlusion the activity of
the retinal neurons would fall to a spontaneous level
which has been shown to be negligible in ganglion cells
of the chick retina (Miles, 1972; Cotter, 1976; cited in
Golcich, 1988).As a result,when an occluder is removed
from the eye, a large burst in retinalactivitywould occur.
This activity would decrease to a lower level during the
period of normal visual exposure due to the adaptation
properties of retinal neurons. Continuous saccadic eye
movementsduringthe period of unoccludedvisionwould
ensure that a certain level of activity in the retina was
maintained during this period. The difference between
one single period of normal visual exposureper day and
several shorter periods of the same total duration would
arise from the differencein the numberof initialburstsof
retinal activity in these two conditions. Multiple
exposures would result in several initial bursts of
neuronal activity upon occluder removal, whereas a
single exposure would provide only one such burst.
Consequently,multiple daily exposuresto normal visual
stimulationwould provide a greater total retinal activity
than would a single exposure. The finding that several
short periods of unoccluded vision per day are more
effective in preventingocclusion-inducedmyopia than is
a single period of the same total duration therefore
supports the hypothesis of Wallman (1990) that gross
neural activity is important for normal ocular develop-
ment.
The finding that three separate exposures to normal
visual stimulationare not significantlymore effective in
preventing occlusion-induced myopia than are two
exposures, suggests that this effect may have a ceiling
level. One possible mechanism by which such a ceiling
may arise is if the high level of neural activity following
occluder removal lasted for 15 min before dropping to a
lower level due to adaptation effects. This would mean
that both the 2 x 15 min and the 3 x 10 min groups of
chicks in the present study would experience 30 min of
high level retinal activity.However, the 1 x 30 min group
would experience only 15 min of high level neural
activity followed by 15 min of a lower level of activity.
Therefore, the total retinal activity in the first two groups
would be similar,whereas in the latter group it would be
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lower. It would be difficult to show whether such a
situation occurred in reality but the findingthat the same
total number of short exposures produces a similar
outcome is strongly supportiveof this possibility.
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